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P atient self-ratings of quality of life, general health, and functional status have gained popularity as outcome measures for the evaluation of the effects of surgical interventions. In the context of a clinical trial, investigators often collect pretreatment or baseline measurements to establish health status before treatment in order to allow for a more powerful statistical comparison of treatment effect between groups. In the interest of efficiency and for the sake of convenience, investigators may offer trial participants the option of completing baseline assessments on the day of surgery instead of making a separate appointment prior to surgery. The advantage of doing so is that the patient is available and Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or grants in excess of $10,000 from Lawson Health Research Institute and Smith and Nephew. Neither they nor a member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated.
has time to complete assessments, usually while waiting in the preoperative area for one to two hours before surgery with few competing issues (e.g., physicians waiting to see them or tests needing to be completed).
The question remains, however, regarding the validity and reliability of data collected on the day of surgery, which for many patients may be filled with anxiety that could compromise their ability to provide accurate responses. There are three possibilities. First, it is possible that the emotional affects of the day of surgery have no effect on the validity or reliability of the measurement. Second, the emotional affects of the day of surgery could contribute to an overall biased measurement of health status if patients within a treatment group similarly overestimate or underestimate their disability. Third, the emotional affects of surgery may vary greatly among patients, affecting some much more than others; some patients may overestimate their status, whereas others may underestimate their status, contributing to greater overall random error. The purpose of the present study was to determine the validity and reliability of collecting self-rated baseline measurements of quality of life, general health, and functional status on the day of surgery in patients undergoing a surgical intervention for the treatment of a variety of knee conditions.
Materials and Methods

Study Design
T he present study focused on additional objectives of a larger, multicenter randomized clinical trial to determine patients' ability to recall preoperative quality of life, general health, and function. A description of the design, methods, and results for the randomized trial have been reported elsewhere 1 . The present study included consecutive patients undergoing knee arthroscopy and/or anterior cruciate ligament reconstruction. All patients completed quality-of-life, general health, and functional status instruments four weeks preoperatively, on the day of surgery (before the procedure), and two weeks and one year postoperatively. For the purposes of this study, our analyses included ratings provided at four weeks preoperatively, on the day of surgery, and at one year postoperatively only. All questionnaires were standardized to inquire about the patient's health status over the past two weeks.
We conducted the analysis of the validity and reliability of ratings collected on the day of surgery with use of three conceptual approaches. First, we assumed that the ratings collected at four weeks preoperatively provide a gold or criterion standard of patients' preoperative quality of life, functional status, and general health and that, if valid, ratings collected on the day of surgery should accurately predict ratings provided at four weeks preoperatively. Second, we assumed that both the four-week preoperative rating and the day-ofsurgery rating measure the same construct and will therefore have excellent agreement, thus we determined reliability. Third, using a construct validity approach, we postulated that if the ratings from the day of surgery were valid, they would correlate highly with the ratings from four weeks preoperatively, would have similar variances, and would demonstrate a similar and moderate correlation with outcome at one year postoperatively.
Instruments
Instruments included the Subjective Knee Form of the International Knee Documentation Committee (IKDC) 2 , the Knee Injury and Osteoarthritis Outcome Score (KOOS) 3 , and the Short-Form Health Survey (SF-36) 4 . In addition, patients undergoing an isolated arthroscopy completed the Western Ontario Meniscal Evaluation Tool (WOMET) 5 and patients undergoing anterior cruciate ligament reconstruction completed the Quality of Life Outcome Measure (Questionnaire) for Chronic Anterior Cruciate Ligament Deficiency (ACL-QOL) 6 . All questionnaires were self-administered under the supervision of a research assistant.
The IKDC was designed to measure the functional ability of patients with knee problems. It includes eighteen items related to symptoms (seven items), limitations in recreational activities (ten items), and function before the injury (one item). The number of response options per question varies from two options (one item) to five options (fourteen items) to eleven options (three items). The majority of response options are presented as ordered categories (e.g., not at all, mildly, moderately, very, extremely) or require patients to rate their symptom on a scale from 0 to 10, with 10 being the worst possible score. A patient's total score is determined by calculating the raw score (the sum of all responses), calculating the difference between the raw score and the lowest possible score (18) , dividing this difference by the range of scores (87), and multiplying by 100. The resulting number represents a total score out of 100 possible points, with 100 points representing perfect knee function. This instrument has face validity, has demonstrated construct validity, has excellent test-retest reliability (intraclass correlation coefficient, 0.94; 95% confidence interval, 0.88 to 0.97), and is responsive to change 2, 7 . The KOOS 8 is a forty-two-item knee-specific questionnaire developed for patients with anterior cruciate ligament injury, meniscus injury, or osteoarthritis. It has five separately reported domains of pain (nine items), symptoms (seven items), limitations in activities of daily living (seventeen items), recreation (five items), and quality of life (four items). Each item has five ordered response options (always, often, sometimes, rarely, never). In the present study, each domain yielded similar results, and thus, for ease of reporting, we computed an overall aggregate score only (the sum of all items divided by the total number of items converted to a total score out of 100%, with 100% representing the best possible score) and presented results with use of this aggregate score. This instrument has face validity, has demonstrated construct validity, has excellent test-retest reliability for each domain (range, 0.75 to 0.93), and is responsive to change 8, 9 . The ACL-QOL 6 is a thirty-two-item questionnaire designed to measure the quality of life of patients with anterior cruciate ligament deficiency. It has five domains related to physical symptoms (five items), limitations in occupation (four items), recreational activities (twelve items), lifestyle (six items), and social and emotional concerns (five items). Each item has one 100-mm visual analog scale with labeled anchors at 0 mm (extremely concerned) and 100 mm (not concerned at all). A patient's score is calculated by converting the average of each of the five domain scores to a total average score out of 100%, with 100% representing the highest quality of life. This instrument has face validity, has demonstrated content and construct validity, has excellent test-retest reliability (standard error of measurement, 6%), and is responsive to change 6 . The WOMET 5 is a sixteen-item questionnaire designed to measure quality of life in patients with meniscal pathology. There are three domains related to physical symptoms (nine items); restrictions in recreational, occupational, and lifestyle activities (four items); and emotional well-being (three items). Each item has one 100-mm visual analog scale response option with anchors at 0 mm (not at all worried) and 100 mm (extremely worried). A patient's score is calculated by adding the scores for all items, subtracting the raw score from 1600 (the worst possible score), and dividing by 16 to obtain a score out of 100%, with 100% representing the highest possible quality of life. This instrument has face validity, has content and construct validity, has excellent test-retest reliability (intraclass correlation coefficient, 0.79; 95% confidence interval, 0.59 to 0.87), and is responsive to change 5 . The SF-36 4 is a thirty-six-item generic general health instrument that evaluates eight domains of health, including restrictions or limitations on physical and social activities, activities and responsibilities of daily living, pain, mental health and well-being, and perceptions of health. The SF-36 can be reported as eight domain scores (physical functioning, role physical, bodily health, social functioning, role social, mental health, general health, and vitality) or as two component scores (the Physical Component Score [PCS] or the Mental Component Score [MCS]). Component scores are computed aggregates of all eight domain scores, with the weight of the contribution of each domain score being unique for each component score. The SF-36 has been used extensively and has been shown to be valid, reliable, and responsive in a wide variety of populations and contexts 10, 11 , including patients with orthopaedic conditions 9, 12, 13 . For the purpose of the present study, we present the PCS and the MCS only.
Statistical Analysis
To address the first conceptualization, we assumed that ratings provided at four weeks preoperatively represent a valid assessment of preoperative status (the so-called gold standard). We used linear regression to determine the extent to which ratings given on the day of surgery (independent variable) predict ratings given four weeks prior to surgery (dependent variable). If ratings obtained on the day of surgery are valid, we expect the coefficient (b) for the independent variable to approach 1.0 with a significant (p < 0.01) proportion of the variance being explained by the model (i.e., with the value of R 2 approaching 1.0). In contrast with a Pearson correlation coefficient (r), a linear regression implies directionality and is >10 years 32%
*The values are given as the average and the standard deviation. †Includes Workman's Safety and Insurance Board, disability, and litigation. ‡The values are expressed as the proportion of patients who smoked, with the number of pack-years (the number of years of smoking multiplied by the number of packs per day) in parentheses. The number of pack-years is expressed as the average and the standard deviation. therefore more appropriate when assessing the strength of the association between the independent predictor variable (preoperative ratings measured on the day of surgery) and the dependent variable (preoperative ratings measured prior to the day of surgery). We constructed 95% confidence intervals around the prediction line for group and individual ratings.
To address the second conceptualization (that the instruments are measuring the same construct at both timepoints), we assessed reliability with use of repeated-measures analysis of variance where the between-subject variance was a random variable (patient) and the within-subject variable (time) was fixed and was defined by the ratings given four weeks preoperatively and those given on the day of surgery. Using the variances from the analysis of variance, we calculated an intraclass correlation coefficient (two-way mixed model with measures of absolute agreement) to estimate the level of agreement between ratings and the standard error of measurement to estimate the error associated with the reproducibility of individual measurements 14 . In contrast with a Pearson correlation coefficient (r), an intraclass correlation coefficient takes into account systematic differences as well as random differences between variables and is therefore more appropriate when assessing the level of agreement.
To address the third conceptualization, we hypothesized (1) that the magnitude of the correlation between ratings provided four weeks preoperatively and on the day of surgery would be high (>0.80), (2) that the variance associated with ratings at each time-point would be similar, and (3) that the correlation between preoperative ratings and one-year postoperative outcome ratings would be moderate in magnitude and similar, regardless of whether preoperative ratings were provided four weeks preoperatively or on the day of surgery, and tested for significant differences between correlations.
To test the first hypothesis, we calculated the Pearson correlation coefficient (r) between the four-week preoperative rating and the day-of-surgery rating across all instruments. To test the second hypothesis, we assumed that, if the condition of the patients remained stable between time-points, the overall variance would also remain stable. Although total variance includes between and within-subject variability and random error, we assumed that the condition of the patients was stable (the majority of patients had sustained an injury more than six months previously) and interpreted evidence of heterogeneity of variance as an increase in random error only. Thus, we compared the overall variance of ratings provided four weeks preoperatively with the variance of ratings provided on the day of surgery by conducting a test for heterogeneity of nonindependent variances 15, 16 , where a positive test (p < 0.05) indicates unequal variances.
Finally, we calculated the Pearson correlation coefficient (r) to describe the association between the four-week preoperative ratings and the one-year postoperative ratings and compared it with the Pearson correlation coefficient describing the association between the day-of-surgery ratings and the oneyear postoperative ratings with use of the Fisher z test 17 . Similar correlations suggest similar ratings at four weeks preoperatively and on the day of surgery.
Results
O
f the 211 patients who began these assessments, thirty-four did not complete the study; specifically, sixteen patients withdrew their consent, six patients were lost to follow-up, ten patients did not undergo the scheduled procedure because it was cancelled by either the physician or the patient, and two patients were excluded during surgery because they required an ineligible procedure. Table I describes the characteristics of the remaining 177 patients who were available for analysis. For most patients (97%), the time from the injury to the operation was more than ninety days. Descriptive statistics of ratings provided at four weeks preoperatively, on the day of surgery, and one year postoperatively are provided in Table II .
Ratings Collected on the Day of Surgery Can Accurately Predict Earlier Ratings
Scatterplots with regression lines and 95% confidence intervals are suggestive of excellent predictive validity for both diseasespecific and knee-specific instruments and the PCS of the SF-36. Figure 1 shows scatterplots with the prediction line and 95% group and individual prediction intervals for the IKDC (an example with large between-subject variability) and the MCS of the SF-36 (an example with small between-subject variability). Across all instruments, the ratings obtained on the day of surgery were a significant predictor of the ratings obtained four weeks preoperatively (p < 0.001) (Table III) . Residual analysis verified that the data were consistent with the assumptions of linear regression.
Ratings Collected on the Day of Surgery and Four Weeks Preoperatively Show Excellent Reliability
The reliability of the recalled and actual ratings was excellent for the WOMET (intraclass correlation coefficient, 0.86; 95% confidence interval, 0.80 to 0.90) and ACL-QOL (intraclass correlation coefficient, 0.84; 95% confidence interval, 0.76 to 0.91) disease-specific questionnaires, the IKDC (intraclass correlation coefficient, 0.91; 95% confidence interval, 0.88 to Table IV) . The standard error of measurement was small for all questionnaires, including the SF-36 MCS, suggesting that the lower level of agreement between the four-week preoperative ratings and the day-of-surgery ratings for the MCS was not attributable to greater measurement error but rather to less heterogeneity in scores between patients (smaller betweensubject variability). In other words, the scores for the patients in our study population did not represent the entire range of scores possible for the SF-36 MCS (i.e., the scores of all patients fell within the middle part of the range) but did represent a greater proportion of the range of possible scores for the disease or region-specific measures (greater between-subject variability).
Ratings Collected on the Day of Surgery Demonstrate Construct Validity
The ratings of quality of life, functional status, and physical health (as reflected by the ACL-QOL, WOMET, IKDC, KOOS, and the PCS of the SF-36) that were provided at four weeks preoperatively and on the day of surgery were highly correlated (range, 0.80 to 0.93), whereas the ratings of mental health (as reflected by the MCS of the SF-36) that were provided at four weeks preoperatively and on the day of surgery were moderately correlated (r = 0.64). Across all instruments, the variances were similar between four weeks preoperatively and the day of surgery, and no difference approached significance (Table V) .
The correlation between the one-year postoperative and four-week preoperative ratings ranged from 0.40 to 0.58. The magnitude of the association between the one-year postoperative and day-of-surgery ratings ranged from 0.40 to 0.59. The magnitude of the difference between correlations between time-points for each instrument ranged from 0.00 to 0.05, and none of the differences approached significance (Table V) .
Discussion
T he present study provides evidence of the validity and reliability of data collected on the day of surgery. First, if one regards ratings one month prior to surgery as a gold standard, then ratings on the day of surgery are valid in that they accurately predict the gold standard. Second, ratings obtained on the day of surgery and those obtained four weeks prior to surgery show a high level of agreement and a low and consistent level of within-subject error.
Finally, when we assumed that there is no gold standard for the measurement of preoperative status and applied principles of construct validation to the ratings obtained on the day of surgery, we found that day-of-surgery ratings demonstrated the anticipated high correlation with ratings obtained four weeks prior to surgery and that there was no difference in the overall variance between time-points (Table IV) . The finding that ratings provided on the day of surgery and those provided within one month before surgery showed a similar moderate correlation with the one-year postoperative outcome provides further evidence of construct validity.
The validity of the day-of-surgery rating has important implications for the planning of randomized trials of interventions for patients undergoing surgery of the knee and, to the extent that our results are generalizable, to other surgical procedures. When conducting a randomized trial in which one wishes to make comparisons between groups, statistical approaches include a t test of the postoperative end point scores, a change score (postoperative end point minus preoperative measurement), or an analysis of covariance in which the baseline preoperative measure provides a covariate and the postoperative end point is used as the dependent variable. Using only postoperative end point scores increases the likelihood of a false-negative result due to random error [18] [19] [20] [21] [22] [23] unless the association between preoperative baseline and postoperative end point scores is zero. When conducting an analysis involving the use of either change scores or an analysis of covariance, the magnitude of the association between the preoperative baseline and postoperative end point scores becomes extremely important. For an analysis involving the use of change scores, the magnitude of this correlation needs to be at least 0.50 or the analysis becomes inefficient (i.e., loss of power) [20] [21] [22] . For an analysis of covariance, the consequences of a low correlation are less serious (power will not be lost if the correlation is low) but the gain in power by considering the pretest value still increases with an increasing strength of the association 18, 20, 22 . The present study offers two important pieces of information related to statistical planning. The first is that data collected on the day of surgery are similar to data collected four weeks preoperatively with respect to the magnitude of the association with postoperative data. Thus, collecting data on the day of surgery will not interfere with the power of the analysis. The second is that across all questionnaires, including diseasespecific, joint-specific, and generic health instruments, the magnitude of the correlation was never >60% and most often hovered around 50%, suggesting that the use of change scores may be inefficient and will certainly be less efficient than the use of an analysis of covariance.
The strengths of the present study include its large sample size, its use of different types of self-assessment instruments (from disease-specific to generic), and the broad spectrum of knee injuries and conditions represented in our population. This study included patients with a wide range of ages (from fifteen to seventy-eight years) who had knee conditions spanning minor patellofemoral disease, meniscal injuries, anterior cruciate ligament deficiencies, and differing severities of osteoarthritis.
The weaknesses of the present study may include limitations related to the generalizability of the results. It is possible that patients undergoing urgent or emergent surgical procedures or elective procedures with an associated risk of death and serious physical or cognitive impairment experience a greater degree of anxiety that may impair their ability to provide an accurate self-assessment of their health status.
In conclusion, patients undergoing surgery for the treatment of a chronic knee injury can provide an accurate selfassessment of their quality of life, general health, and functional status on the day of surgery. The results of the present study suggest that investigators can improve the efficiency of data collection for clinical studies for this patient population, with no expected loss of statistical power, by obtaining baseline selfassessments on the day of surgery. n
